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(54) Bar graph display for ac user interface

(57)  Adisplay panelfor displaying AC electrical data
and a method of displaying are disclosed. The display
panel includes a display with a plurality of bar graphs,
collocated and aligned. The bar graphs may display a
single AC characteristic for different phases, or different
AC characteristics for a phase or group of phases. The
AC characteristics may include voltage, current, fre-
quency, real power, apparent power, reactive power and
power factor. The bar graphs, aligned and collocated,
provide easier determination of relationship between
AC characteristics. The display and method may have
the capability of displaying fluctuational extremes of the
AC characteristics simultaneously with present values
thereof.
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Description
Background of the Invention

[0001] The present invention relates to a method and
apparatus for displaying AC operational information.
[0002] Alternating current (AC) power is used in a
multitude of applications, and it is virtually always desir-
able or necessary for an operator to monitor the AC dur-
ing operation, for example using a display. Applications
for such displays include, but are not limited to, gener-
ator sets including a generator and an engine, transfer
switches, etc.

[0003] During operation of, for example, a generator
set it is desirable to display operational information so
the operator/user can monitor the operational status of
the generator. Traditionally this has been done by the
use of rotating analog meters. One meter might be used
with a selector switch used to switch between the three
phases of the generator. Alternatively, three separate
meters might be used to display the various operational
data for each phase. In some cases this is accomplished
by the use of alphanumeric displays with a menu selec-
tion.

[0004] The presentinvention provides anovel method
and apparatus for displaying AC operational information
which allows the overall operational status of the electric
device to be more quickly comprehended than tradition-
al methods and apparatus for displaying AC operational
information.

Summary of the Invention

[0005] The present invention relates to a method and
apparatus for displaying AC operational information.
[0006] The apparatus is a display panel connected to
an electrical device for displaying AC characteristics.
The display panel includes a display with a plurality of
bar graphs, collocated and aligned.

[0007] In one embodiment, the display includes three
current bar graphs arranged next to each other. Each
current bar graph displays one phase current of the elec-
trical device, and the three current bar graphs are scaled
identically in percent of a maximum current at which the
electrical device is capable of operating. Apreferred em-
bodiment further includes means for displaying fluctua-
tion extremes of the phase currents, simultaneously with
present values thereof.

[0008] In another embodiment, the display panel in-
cludes three voltage bar graphs arranged next to each
other for displaying phase voltages and one frequency
bar graph nearby for displaying a frequency of the elec-
trical device. The voltage and frequency bar graphs are
scaled identically in percent of nominal value, with per-
centages extending above and below the nominal value.
A preferred embodiment further includes means for dis-
playing fluctuation extremes of the phase voltages and
frequency, simultaneously with present values thereof.
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[0009] In yet another embodiment, the display panel
includes two power bar graphs arranged next to each
other for displaying AC characteristics selected from the
group consisting of real power, apparent power, reactive
power and power factor.

[0010] Inyetanotherembodiment of the invention, the
display panel includes all three sets of bar graphs dis-
plays so as to provide the operator with a readily com-
prehensible operational status of the electrical device.
[0011] The method according to the invention com-
prises providing a plurality of collocated and aligned bar
graphs, and displaying AC characteristics on the bar
graphs.

[0012] Embodiments of the method may include dis-
playing phase currents of the electrical device, display-
ing phase voltages and frequency of the electrical de-
vice, and displaying various power outputs of the elec-
trical device.

[0013] Using the invented apparatus and method is
advantageous because by observing bar graphs dis-
playing AC data, the operator can instantly obtain accu-
rate information on the magnitude of the AC data in each
phase and the balance between the phase data. Em-
bodiments of the invention include the further advantage
that fluctuational extremes of the AC characteristics
may be observed simultaneously with present values.
[0014] These and various other advantages and fea-
tures of novelty which characterize the present invention
are pointed out with particularity in the claims annexed
hereto and forming a part hereof. However, for a better
understanding of the present invention, its advantages,
and other objects obtained by its use, reference should
be made to the drawings which form a further part here-
of, and to the accompanying descriptive matter, in which
preferred embodiments of the present invention are il-
lustrated and described.

Brief Description of the Drawings

[0015] Referring now to the drawings wherein like ref-
erence numerals generally indicate corresponding parts
throughout the several views,

Figure 1 is a diagrammatic perspective view of an
embodiment of a display generally in accordance
with the principles of the present invention for dis-
playing the magnitude of current in each phase, the
balance of phase currents, and the maximum cur-
rent in each phase at which the electrical device is
capable of operating;

Figure 2 is a diagrammatic perspective view of an
embodiment of a display generally in accordance
with the principles of the present invention for dis-
playing the magnitude of voltage in each phase, the
balance of the phase voltages, the frequency of the
electrical device, the relationship of frequency to
voltage;
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Figure 3 is a diagrammatic perspective view of an
embodiment of a display generally in accordance
with the principles of the present invention for dis-
playing real power output, real power capability, ap-
parent power output, and apparent power capabili-
ty; and

Figure 4 is a planar view of an embodiment of a gen-
erator set display generally in accordance with the
principles of the present invention wherein the gen-
erator control panel includes all three set of bar
graphs displays shown in figures 1-3.

Detailed Description of Preferred Embodiments of the
Invention

[0016] Embodiments of the present invention are
used together with alternating currents (AC). Such cur-
rents have many properties or characteristics, both elec-
trical and mechanical. AC may be single-phase or multi-
phase, and the invention may be used with both of these
kinds of AC. It is noted that AC characteristics in a multi-
phase embodiment may be displayed and presented
both with respect to an individual phase and as a com-
posite of multiple phases. Also, bar graphs next to each
other on the display may show the same AC character-
istic for different phases, or they may show different AC
characteristics for one phase or group of phases (in a
single-phase or multi-phase system), or they may show
different AC characteristics for different phases, if de-
sired.

[0017] Referring now to the figures there is illustrated
a preferred embodiment of method and apparatus for
displaying AC operational information generally in ac-
cordance with the principles of the present invention.
[0018] The AC characteristics displayed with embod-
iments of the invention may include voltage, current, fre-
quency, real power, apparent power, reactive power and
power factor. These are all well-known electrical char-
acteristics, some or all of which may be necessary to
monitor in a particular application. The display panel will
be connected to the electrical device in a suitable way
for displaying the desired AC characteristics.

[0019] As noted above, AC characteristics are
present in a variety of applications using electrical de-
vices. One application for a display panel is the moni-
toring of AC data from a generator set. Another applica-
tion is a transfer switch, where AC information needs to
be monitored.

[0020] AC datacan be displayed with a plurality of dis-
play means. Bar graphs, as used in this application, typ-
ically include an elongated graph which can be illumi-
nated or otherwise visibly activated completely or par-
tially, to indicate to the operator the value of a particular
characteristic. For example, a bar graph may include a
number of LED:s positioned in an elongated configura-
tion, whereby the value is displayed. In this example,
the value may be displayed by illuminating all LED:s
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from one end of the bar graph to the one LED corre-
sponding to the present value, or only the one LED cor-
responding to the present value may be displayed. Oth-
er kinds of bar graphs are also useable, such as a series
of lamps or an LCD display.

[0021] Embodiments may be provided with the capa-
bility to display fluctuation extremes of the AC charac-
teristics, simultaneously with present values thereof.
For example, when the bar graph includes a number of
LEDs, an LED corresponding to the extreme value may
remain lit for a period after the value occurred. Similar
features may be provided when the bar graph consists
of a number of lamps or of an LCD display. In addition
to remaining lit for a period of time, the LED (or equiva-
lent) may be distinguished by altering its appearance,
for example by making it brighter than the rest of the bar
graph, or less bright, or by flashing the LED on and off.
As another alternative, an alphanumeric display may be
provided, which presents the fluctuation extremes of the
AC characteristics.

[0022] In Figure 1 there is illustrated an embodiment
of a display 20 for displaying simultaneously the magni-
tude of current in each phase, the balance of phase cur-
rents, and the maximum current in each phase at which
the electrical device is capable of operating.

[0023] Inthe embodiment shown in Figure 1, the dis-
play 20 includes three vertically oriented bar graphs
20a-c arranged next to each other with all three bar
graphs being scaled identically in percent of the maxi-
mum current at which the electrical device is capable of
operating. The height of the illuminated portion of each
bar graph gives an instant visual indication of how close
the current is to the device's limit. Colors may be used,
such as green, yellow, red, to reinforce the visual indi-
cation, and in particular to indicate the proximity of the
AC characteristic to operating limits of the electrical de-
vice. Differences in the heights of the illuminated portion
of each bar graph also provides an indication of the pres-
ence and magnitude of phase imbalances. In bar graphs
20a and 20b the current in phases A and B is shown to
be at about 65% of the maximum. In bar graph 20c¢ the
current in phase C is shown to be at least 125% of the
maximum current.

[0024] In one embodiment, the bar graphs 20a-c
might utilize a peak detect function by leaving on the
highest valued lamp illuminated for a period of time after
the detected value decreases. This allows the user
some time to see the maximum on all three graphs for
some time after a load transient.

[0025] In Figure 2 there is illustrated an embodiment
of a display 22 for displaying simultaneously the magni-
tude of voltage in each phase, the balance of the phase
voltages, the frequency of the electrical device, and the
relationship or "correctness" of frequency and voltage.
In this embodiment, the minimum voltage and frequency
experienced during a load transient is also displayed.
[0026] In the embodiment shown in Figure 2, the dis-
play 22 includes three bar graphs 22a-c, arranged next
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to each other with a fourth bar graph 22d nearby. All four
bar graphs 22a-d are scaled identically in percent of
nominal value, with some percentages extending above
and below the nominal. During normal operation, each
of the graphs will be at the nominal value. Any deviation
from the nominal value which persists will indicate a fault
condition. These bar graphs preferably operate in the
"dot" mode with only the current lamp value lit, rather
than illuminating all the lamps below the current value.
In the shown embodiment, the phase voltage in bar
graphs 22a and 22b is shown to be at its nominal value.
The phase voltage in bar graph 22c is shown at the low-
est voltage value that may be displayed. This indicates
that the phase voltage is at the lowest displayable value,
or below that value.

[0027] In one embodiment, the lamp of each of the
bar graphs 22a-d which represents the nominal value
might be color coded with green indicating normal val-
ues while those lamps indicating values above and be-
low nominal might be color coded yellow so as to indi-
cate a potentially bad condition.

[0028] In another embodiment, the bar graphs 22a-d
might utilize a peak detect function by leaving on the
lowest or highest valued lamp illuminated for a period of
time after the detected value changes. This allows the
user some time to see the minimums or maximums on
all four graphs for some time after a transient.

[0029] In yet another embodiment, the bar graphs
22a-c may be provided without the fourth bar graph 22d.
[0030] In Figure 3there is illustrated an embodiment
of a display 24 for displaying real power output, real
power capability, apparent power output and apparent
power capability.

[0031] Several AC characteristics related to power
may be displayed, such as real power, apparent power,
reactive power and power factor. Power factor is the ra-
tio between real and apparent power. Typically the bar
graph will be graded in a unit corresponding to the par-
ticular power AC characteristics. For example, real pow-
er may be measured in kilowatts (kW), apparent power
may be measured in kVA, reactive power may be meas-
ured in kVAR.

[0032] Inthe embodiment shown in Figure 3, the dis-
play 24 includes two bar graphs 24 a,b arranged next to
each other and scaled as a percentage of maximum ca-
pability, one displaying kW and the other displaying kVA.
The height of the illuminated portion of each of the bar
graphs gives an instant visual indication of how close
the power is to the limit. Colors (green, yellow, red) may
be used to further enhance the visual indication. Differ-
ences in the heights of the illuminated portions of the
bar graphs further provide an instantaneous indication
of the power factor. The power is shown to be at 55% of
the maximum kW output, and at 70% of the maximum
kVA output.

[0033] Although bar graphs for real and apparent
power are shown in Figure 3, it is noted that it is possible
to display any combination of AC characteristics on the
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bar graphs. For example, the bar graphs may display
AC characteristics such as real power, apparent power,
reactive power and power factor.

[0034] In Figure 4 there is illustrated an embodiment
of a generator control panel 30, which includes all three
sets of the bar graph displays 20, 22, and 24 so as to
provide the operator with a readily comprehensible op-
erational status of the generator.

[0035] Obtaining information from bar graphs placed
next to each other gives an instant and virtually effort-
less interpretation of the relation between related values
displayed on different graphs. By glancing quickly at, for
example, three bar graphs each displaying a phase cur-
rent, the operator can immediately obtain essential in-
formation in the following way. In viewing the current lev-
els the operator easily determines if any current reaches
or exceeds the maximum value, as indicated on each
bar graph. At the same time, the operator can instantly
obtain an accurate indication of the balance between the
three currents, because the bar graphs are placed next
to each other and have identical scaling. Optional peak
detection functions and modes of displaying a value fur-
ther provide very quick and reliable information access
in real time. These and other advantages arise with
equal magnitude in other applications of the invention,
such as when it is used to display phase voltages, for
example.

[0036] It is to be understood that even though numer-
ous characteristics and advantages of the present in-
vention have been set forth in the foregoing description,
together with details of the structure and function of the
invention, the disclosure contained herein is illustrative,
and changes in matters of order, shape, size and ar-
rangement of parts and of steps may be made within the
principles of the present invention and to the full extent
indicated by the broad general meaning of the terms in
which the appended claims are expressed.

Claims

1. Adisplay panel for displaying AC characteristics for
an electrical device, the display panel comprising a
display with a plurality of collocated and aligned bar
graphs.

2. Thedisplay panelof claim 1, wherein the bar graphs
are adapted to display the same AC characteristic,
each for a different phase of a multiphase AC de-
vice.

3. Thedisplay panel of claim 2, wherein the AC char-
acteristics are selected from a group consisting of
current, voltage, real power, apparent power, reac-
tive power and power factor.

4. Thedisplay panel of claim 3, including three current
bar graphs arranged next to each other, each one
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of the three current bar graphs displaying a respec-
tive one phase current of the electrical device, the
three current bar graphs being scaled identically in
percent of amaximum current at which the electrical
device is capable of operating.

The display panel of claim 1, including three voltage
bar graphs arranged next to each other for display-
ing respective phase voltages and one frequency
bar graph for displaying a frequency of the electrical
device, the voltage and frequency bar graphs being
scaled identically in percent of nominal value, with
percentages extending above and below the nom-
inal value.

The display panel of claim 2, including three voltage
bar graphs arranged next to each other for display-
ing phase voltages, the voltage bar graphs being
scaled identically in percent of nominal value, with
percentages extending above and below the nom-
inal value.

The display panel of claim 1, including at least two
power bar graphs arranged next to each other for
displaying the AC characteristics, wherein the AC
characteristics are selected from a group consisting
of real power, apparent power, reactive power and
power factor.

The display panel of claim 1, further including
means for displaying fluctuation extremes of the AC
characteristics simultaneously with present values
thereof.

The display panel of claim 1, wherein at least one
bar graph displays the AC characteristics using
color to indicate a proximity of the AC characteris-
tics to operating limits of the electrical device.

Adisplay panel for displaying AC characteristics for
an electrical device, comprising:

display apparatus for displaying phase currents
and adapted to display simultaneously a mag-
nitude of current in each phase, a balance of
the phase currents, and a maximum current in
each phase at which the electrical device is ca-
pable of operating;

display apparatus for displaying phase voltag-
es and frequency and adapted to display simul-
taneously a magnitude of voltage in each
phase, a balance of the phase voltages, a fre-
quency of the electric device, and a relationship
of frequency to voltage; and

display apparatus adapted to display simulta-
neously real power output, real power capabil-
ity, power factor output, and power factor capa-
bility.

10

15

20

25

30

35

40

45

50

55

11.

12.

13.

14.

15.

16.

17.

18.

A method of displaying AC electrical data from an
electrical device, the method comprising:

providing a plurality of collocated and aligned
bar graphs; and

displaying AC characteristics on the bar
graphs.

The method of claim 11, including displaying re-
spective currents of the electrical device on the bar
graphs, and scaling the bar graphs identically in
percent of a maximum current at which the electrical
device is capable of operating.

The method of claim 11, further including displaying
on the bar graphs fluctuation extremes of the AC
characteristics simultaneously with present values
thereof.

The method of claim 11, including displaying phase
voltages of the electrical device on the bar graphs,
and scaling the bar graphs identically in percent of
nominal value, with percentages extending above
and below the nominal value.

The method of claim 14, further including displaying
a frequency of the electrical device on the bar
graphs.

The method of claim 11, including displaying re-
spective power outputs of the electrical device on
the bar graphs, and scaling the bar graphs identi-
cally in percent of nominal value, with percentages
extending above and below the nominal value.

The method of claim 11, wherein displaying the AC
characteristics includes activating only portions of
the bar graphs corresponding to present values of
the AC characteristics.

A method of displaying multi-phase AC electrical
data from an electrical device on collocated and
aligned bar graphs, the method comprising the
steps of:

providing a display of phase currents which dis-
plays simultaneously a magnitude of current in
each phase, a balance of the phase currents,
and a maximum current in each phase at which
the electrical device is capable of operating;
providing a display of phase voltages and fre-
quency which displays simultaneously a mag-
nitude of voltage in each phase, a balance of
the phase voltages, a frequency of the electri-
cal device, and a relationship of frequency to
phase voltage; and

providing a display of power which simultane-
ously displays real power output, real power ca-
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pability, power factor output, and power factor
capability.

19. An AC electrical device including a display for dis-
playing electrical data associated with respective
phases of the AC by means of colocated and
aligned bar graph indicators.
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